Abstract.
Introduction
The Earth magnetopause is the outer boundary of the terrestrial magnetosphere. side of this boundary, the magnetosheath plasma is the shocked solar wind plasma, i.e.
13
cold and dense, with a magnetic field direction essentially determined by the solar wind 14 one. Inside of it, the magnetospheric plasma is comparatively hot and tenuous, with i.e independently of the velocity at which these profiles are traversed by the spacecraft.
29
Several methods have been developed for both of these two purposes.
30
To study the large scale shape of the boundary, its motion and its orientation, multi- 
Principles of the method
As the previous equivalent methods, the basic assumption of the BV technique is that, and Scheible, 1998). 
Simultaneous use of magnetic and velocity data
The above stage has given an initial guess for the BV method regarding 1) the normal direction, and 2) the parameters describing the elliptic hodogram. The main part of the method then consists in using the temporal information B(t), together with the velocity measurements from the Hot ion analyser experiment (Rème et al, 1997) . Going back to the totality of the B data points, one minimizes the distance between them and the elliptical model B(y), the function y(t) being the integral of the normal velocity u n . We therefore assume that this velocity is dominated by the layer velocity, i.e. that the normal velocity in the layer frame is zero or negligible. The minimization is done with respect to the three angles that characterize the rotation of the ellipse proper frame and to the parameters of the elliptic hodogram, initialized previously, using the same Powell algorithm as above.
The distance to be minimized is: Where
by:
with: 
These formulas imply in particular that B 
Consistency of the results and limitations
Regarding the consistency of the results, the first test consists in running the first part 
202
The result is not changing as long as the virtual spacecraft crosses the simulation far for a tangential ellipse. Fig. (7) shows this plot for two magnetopause crossings on 
218
We will present a detailed study on a case (Dorville et al, 2013 ) , where the BV method 
Products of the method
As explained above, the first main direct product of the method is an accurate deter-234 mination of the direction normal to the boundary, leading to reliable values of the small 235 components B n and u n of the magnetic field and the flow velocity across the boundary.
236
The second direct product is the determination of a spatial coordinate y(t) allowing to 
276
Contrary to the multi-spacecraft timing methods, the BV method can also handle cases
277
when the boundary is shaken with a non trivial normal velocity evolution (which seems 278 frequent). When this evolution is non negligible between two spacecraft crossings, the 279 timing methods obviously fail.
280
The BV method however brings a new limitation: although one works essentially with 281 magnetic field data, a sufficiently long crossing is needed (at least three or four velocity 
